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ScienceDirectBiocarbon projects can connect climate finance to smallholder
farmers and can provide considerable benefits to improved
productivity, land health and income, market access,
institutional stability and, ultimately, food security and reduced
poverty for asset-poor rural communities. While most
biocarbon projects focus on forested land or tree
plantations, this paper explores the potential for connecting
agroforestry approaches with carbon benefits. Drawing on
experiences in Africa, we identify the major challenges and
opportunities for developing and rolling out biocarbon
projects in agroforestry systems. We highlight the need for
external, up-front funding to overcome high project
establishment costs and the need for innovative solutions to
minimize trade-offs between livelihood and environmental
goals. We contend that resource constraints, flexibility,
technical capacity, tenure and institutional frameworks must be
addressed for smallholders to invest in and benefit from
carbon projects. Lastly, we argue that projects should
emphasize non-carbon benefits, using carbon revenue as a
tool to help farmers transition to more sustainable and
productive practices on their land.
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Introduction
Agriculture, together with agriculture-driven conversion
of land, contributes between 7.3 and 12.7 Gigatonnes of
carbon dioxide equivalent (CO2e) globally per year —
approximately 15–25% of total global anthropogenic
Open access under CC BY-NC-ND license.Current Opinion in Environmental Sustainability 2014, 6:148–154 greenhouse gas emissions [1]. Agroforestry, a land-use
system that incorporates tree-growing on agricultural land,
offers an opportunity to remove CO2 from the atmosphere
by storing it in tree biomass and soil organic matter [2].
This, coupled with agroforestry’s potential to deliver a
range of benefits to some of the world’s poorest people,
including improved productivity, greater food security,
reduced poverty and increased resilience to climate
change, has garnered it increasing international attention
(e.g. [3–6]). Worldwide, agroforestry comprises approxi-
mately 1 billion hectares, with roughly 560 million people
in developing countries relying directly on the services and
products agroforestry provides [7,8]. One option for incen-
tivizing the adoption of agroforestry technologies in devel-
oping countries is through biocarbon projects, in which
local land users receive payments through international
carbon markets in exchange for carbon sequestered on
their land. Despite rising interest in agroforestry, however,
the majority of biocarbon projects to date have focused on
Reducing Emissions from Deforestation and forest Degra-
dation (REDD) [9], where projects can generate carbon
credits relatively rapidly. Within the agricultural sector, our
knowledge base is limited to a handful of projects (Peters-
Stanley et al. [9] report only six agricultural projects world-
wide that transacted credits in 2011), the majority of which
have been implemented recently and whose long-term
viability is uncertain.
Nevertheless, the information that can be gleaned from
project experiences to date, coupled with data generated
by the research community, make an encouraging learn-
ing base for future project development and implementa-
tion. Most of the evidence for this review was derived by
synthesizing the white and grey literature on existing
biocarbon projects, the majority of which happen to be in
East Africa. This paper brings together the challenges and
opportunities for implementing biocarbon projects in
agroforestry, drawing upon our knowledge of agroforestry,
biocarbon projects and experimental research, focusing
primarily on Africa. We present major constraints from the
project and farmer perspectives, highlight the importance
of non-carbon benefits, institutional capacity and land
tenure, and offer innovative opportunities to improve
project outcomes for farmers and project developers.
From the farmer perspective — challenges
and opportunities
Constraints to farmer participation
Up-front financial and labour costs are a major constraint
to farmer participation in payments for environmentalwww.sciencedirect.com
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Projected annual net benefits to farmers (US$/ha) for seven agroforestry
systems within the N’hambita Community Carbon Project, Mozambique.
Dotted lines indicate systems that include cash crop cultivation: (1) fruit
orchard (mango); (2) homestead planting; (3) fruit orchard (cashew).
Solid lines represent systems without cash crops: (4) dispersed
interplanting (faidherbia); (5) boundary planting; (6) dispersed
interplanting (gliricidia); (7) woodlot. The analysis is based on a carbon
price of US$6.72/tCO2, a discount rate of 10% and carbon revenue paid
in the first seven years of the project for a 100 year project time horizon.
Taken from Palmer and Silber [11].services (PES) schemes,1 especially for poor households
[10]. Agroforestry practices can take years to yield net
benefits, ranging from one to two years in the case of
improved fallows, to decades in the case of indigenous
hardwood systems. Within the N’hambita Community
Carbon Project, which offers seven agroforestry land-use
options to farmers and provides carbon payments up
front, only one option is estimated to provide annual
positive net benefits to the farmer before year five
(Figure 1) [11]. The delay in project benefits combined
with a frequent lack of access to credit markets in rural
agricultural areas to help farmers offset current costs (e.g.
[12]), create significant investment barriers.
Even where new land management practices make good
economic sense as they lead to higher income, farmers
may be unable to adopt them due to resource poverty
[13]. Financial constraints, labour scarcity, land shortage,
household size, off-farm income, gender and access to
roads can all restrict farmer participation in projects
[14,10,15]. Playing by the stringent rules of carbon
accounting2 can also be prohibitively difficult for small-
holder farmers who require flexibility in planting, man-
agement and harvesting [16]. For those farmers who do
manage to adopt agroforestry practices, projects run the
risk of becoming unsustainable if farmers do not fully
understand the duration of their contracts [17,10].
Particularly, if carbon payments cease before the contract
ends, farmers may have little incentive to maintain prac-
tices [18] and it may be difficult to ensure their compli-
ance [10].
Carbon is the real co-benefit
Despite differing in region, payment scheme and contract
timeline, several project experiences to date share a
striking theme: carbon payments appear to be insignif-
icant to farmers compared with the non-carbon benefits
derived from participation. Model simulations of carbon
projects in the Sahel show that farmer Net Present Value
(NPV), or the perceived sum of revenue over 25 years,
would be between US$36 and US$71 for smallholder
farmers at a carbon price of US$20 per tonne (t) CO2e,
assuming a discount rate of 12% [19], which is hardly an
incentive. Similarly, Foster et al. [16] show farmers’
expected carbon revenue to be only US$77 over 25 years
in western Kenya, based on a carbon price of $8/tCO2e.
Even under the most liberal contract conditions, in which
carbon revenue is paid in the first seven years assuming a1 Biocarbon projects can be considered part of a larger group of
market-based mechanisms known as Payments for Environmental Ser-
vices (equally Payments for Ecosystem Services, or PES). These
schemes offer incentives to landowners and users for land management
practices that provide an ecological service, for example water provi-
sioning, climate regulation or biodiversity conservation.
2 Carbon accounting refers to the measuring, reporting and verifying
process used to determine the amount of CO2e that is sequestered
through agroforestry practices.
www.sciencedirect.com project lifespan of 100 years, carbon has only a minor
impact on cash incomes [11,15]. On their own, carbon
payments are often far below farmers’ opportunity costs
[10] and are unlikely to motivate farmers to engage in
projects [19].
Meanwhile, agroforestry can offer a suite of non-carbon
benefits to farmers, including increased agricultural pro-
ductivity per unit land; income diversification from mar-
ketable tree products; improved family health and
nutrition from medicinal tree products and essential
vitamins in fruits; availability of fuel, firewood and build-
ing materials; reduced women’s labour in collecting fire-
wood; and erosion control, soil fertility, and increased
water and nutrient availability. Many of these non-carbon
benefits can reduce farmers’ food insecurity and therefore
their vulnerability to climate variability, change and
shocks [20].
The income-generating potential that non-carbon
benefits offer in many cases greatly exceeds that from
carbon revenue. The total carbon payments over 100
years for the N’hambita Community Carbon Project
range from US$209 to US$1,047 per hectare at
US$6.72/tCO2, while total revenues from the sale of tree
cash crops over the same period are estimated to beCurrent Opinion in Environmental Sustainability 2014, 6:148–154
150 Sustainability challengesbetween US$31,728 and US$97,125 per hectare [11].
Moreover, cash crop systems can continue to provide
significant income benefits to farmers after carbon pay-
ments cease (Figure 1) [11]. Within the Sustainable
Agriculture in a Changing Climate (SACC) project, farm-
ers’ income from fuel wood, poles and timber is estimated
to reach US$3,850 over the project’s 25 year lifespan,
compared to an estimated US$77 in carbon revenue over
the same period [16]. In the highlands of Ethiopia,
Duguma [14] estimated that households could obtain
net discounted revenues between US$532 and $2,342
in 15 years from agroforestry practices using minimal land
and without any carbon payment. In the Maradi and
Zinder Regions of Niger, non-carbon benefits are motiv-
ating the large-scale establishment of parklands [21],
agroforestry systems in which crops are planted among
scattered trees, boosting gross annual income by approxi-
mately 18–24%[22].
Helping farmers invest
Projects advocating the adoption of new land-use prac-
tices must recognize the variation in farmers’ interest in
and ability to invest in new practices and provide short-
and long-term benefits that are of greater value than those
offered by alternative land uses [23]. First and foremost,
projects can and should give farmers significant non-
carbon incentives to maintain practices and ensure project
sustainability in the long run [24,25].
Despite the compelling evidence that non-carbon
benefits are more beneficial to farmers than carbon pay-
ments, these payments still have an important role to
play. Distributed up-front, carbon revenue can provide
the cash needed for poor farmers to make a long-term
investment where they would otherwise be unable to
adopt [11,10]. In some cases, incentive schemes may be
needed to conserve existing agroforestry systems, such as
in Tanzania’s East Usambara Mountains, where declining
soil fertility is driving farmers to shift from conversion of
spice agroforestry systems to higher-profit sugarcane
monocultures [26,27]. Others argue that carbon payments
are best suited when combined with non-carbon benefits,
to boost profitability enough to encourage participation
[17,10]. In scaling up current schemes, financial incen-
tives will need to align with the challenges farmers face by
providing sufficient incomes relative to implementation
costs, allowing a range of locally suitable activities, and
timed to assist farmers with up-front costs and innovation
risks [28].
Providing significant non-carbon benefits early on, such as
fodder and firewood, can demonstrate to farmers that they
are the intended project beneficiaries and thereby encou-
rage participation, as evidenced by the Humbo Project in
Ethiopia [29]. Offering a range of agroforestry options that
include native and non-native trees can allow households
to meet their individual timber and non-timber needs onCurrent Opinion in Environmental Sustainability 2014, 6:148–154 their own farms, as opposed to extracting resources from
forests [15]. Such a menu should include species that
meet farmers’ preferences, including fruit trees with
income-generating potential [30]. According to Jindal
et al. [17], we need to better understand farmers’ percep-
tions of carbon sequestration, markets and contracts and
ensure that these concepts are distinguished from finan-
cial support for development. Extension services are
necessary to increase farmers’ understanding of the
income benefits associated with trees and improve la-
nd-use planning [14]. Training staff, partner organizations
and communities in the practices being implemented is
critical for project success [29].
Ensuring benefits for farmers: land tenure and
institutional frameworks
It is crucial that project proponents understand the local
land tenure context, as secure land and tree use rights are
essential for biocarbon projects to be implemented suc-
cessfully according to all literature reviewed [17,11,31].
Secure tenure encourages investment [32], decreases the
risk that local communities will lose access to land to more
powerful interests [17,32,23] and helps deliver equitable
carbon benefits to farmers, including women [17,32,33].
While private ownership is preferable, in areas with
customary land rights, projects can function by using land
held as common property and community-based contracts
if access and use rights are clearly regulated [17,10]. For
example, within the N’hambita Community Carbon Pro-
ject, carbon payments for REDD activities in commun-
ally owned woodlands are handled by a locally managed
community trust fund to support activities which benefit
the entire community [15]. Similarly, carbon payments
from the Humbo Project in Ethiopia are used to fund
activities as determined by the local community [34].
Countries will need to strengthen their monitoring and
enforcement systems in order to defend rights to land if
contested [17].
Clear institutional frameworks are a prerequisite for
effective, efficient and equitable projects and are needed
to scale up early project successes [20]. Building on
previous development work and a foundation of estab-
lished trust is important for project implementation both
from the project and farmer perspective [29,25]. Partner-
ing with strong, well-established groups that understand
local conditions can ensure that farmers’ needs are con-
sidered throughout project implementation and develop-
ment and that they have access to project benefits [32].
Working with pre-existing groups of farmers can conserve
time and money that developers would otherwise need to
establish critical relationships [32]. Such groups could
include local agricultural cooperatives, farmer associ-
ations or other community-based organizations. Shifting
governance to local communities and partnering with
other institutions or projects can also help increase project
viability [25]. Brown et al. [29] have demonstrated thatwww.sciencedirect.com
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and governance capacity to manage common resources
can aid implementation and empower communities to
sustainably manage resources in the long term. It is
imperative that local institutions have transparent and
accountable benefit sharing mechanisms in order to dis-
tribute revenue equitably to communities [25]. Kaczan
et al. [27] postulate that poor trust in village level funds
management might explain farmers’ strong preference for
individual over group contracts shown by recent exper-
imental evidence from the East Usambara Mountains,
Tanzania.
From the project perspective: challenges and
opportunities
When carbon is not enough: the need for external, up-
front funding
High transaction costs, particularly during the establish-
ment phase, are a fundamental constraint to the financial
viability of biocarbon projects in agroforestry. These costs
include contract negotiation, project implementation and
management, extension services and training, monitoring
reporting and verification (MRV) of sequestered carbon
and distribution of carbon revenue to farmers
[17,19,35,25]. Transaction costs typically rise when con-
tracting many individual smallholder farmers [17], and
when projects offer greater flexibility to farmers in terms
of the species they select [15]. Within the N’hambita
Community Carbon Project in Mozambique, the combi-
nation of local transaction costs and payments to inter-
national brokers and commission agents together
consume two-thirds of all carbon revenue [15]. These
costs can deter investment in smallholder projects and cut
into the carbon revenue that farmers receive [11].
High transaction costs mean that, at current carbon prices,
projects are likely to run at or below the margin of
profitability, if relying solely on the sale of carbon credits.
This is especially apparent in Africa’s Drylands: Luedel-
ing and Neufeldt [19] estimated that smallholder-tar-
geted projects in the Sahel would generate negative
NPVs at current carbon prices, making them financially
unviable. Given the high establishment costs involved in
biocarbon projects and the significant time gap between
investment and break-even, up-front external funds are
necessary to make projects financially viable [15,35,25].
Over the long-term, funding from private and/or public
sources is also necessary to build institutional capacity in
developing countries and to drive demand for carbon
credits [20]. Nevertheless, funding from carbon finance
is important to help projects overcome high establish-
ment and maintenance costs [19].
Trade-offs between environmental goals and poverty
alleviation
Trade-offs in agroforestry biocarbon projects may arise
from the need to efficiently sequester carbon whilewww.sciencedirect.com simultaneously addressing development goals in some
of the world’s poorest countries and communities. For
example, agroforestry systems that offer high income
generation potential through cash crop production have
been shown to have a lower carbon sequestration poten-
tial [11].
Particularly high trade-offs may exist between pro-poor
targeting and project cost-efficiency [36]. In the Uluguru
Mountains of Tanzania, it is estimated to cost roughly
US$61 per contract to enrol one third of the potential area
in tree-planting contracts, versus USD$122 per contract
to enrol 80 percent of the area, due to the higher oppor-
tunity costs of poor households [36]. Specifically targeting
poor farmers would at least triple costs, making it challen-
ging to achieve poverty and environmental goals within
the same project [36].
Even where projects are successful in reaching the poor,
the impact on farmer incomes can still be minimal [15].
Within the N’hambita Community Carbon Project, at
discount rates of 30% or greater, only one agroforestry
option out of a menu of seven makes economic sense for
farmers [11]. At current carbon prices, carbon payments
alone are unlikely to alleviate poverty among smallholder
farmers [15,19].
Fast-growing non-native tree species represent the
majority of trees planted in tropical agroforestry systems
[37]. These exotic trees can provide supplies of fodder and
wood fuel to local communities and species that grow in a
range of environmental conditions may help buffer small-
holder agricultural systems against climate change [38,39].
Yet, the negative environmental, economic and social
effects of introducing non-native species are well-docu-
mented (e.g. [38]). They can potentially disrupt breeding
and feeding sites for local fauna [39], impair the growth of
native species [40], reduce biodiversity (e.g. [41,42]),
decrease water availability (e.g. [43,42]) and introduce
weeds and pests [41]. For instance, exotic tree species,
such as Grevillea robusta, comprise eight out of the 10 most
frequent species on farms around Mount Kenya, reducing
the potential of many of these farms to conserve indigenous
tree genetic resources [44]. To date, considerable contro-
versy remains regarding the trade-offs between the
positive and negative impacts associated with introduced
tree species (e.g. [39]; see [45–47] for opposing views).
Opportunities to improve project outcomes
Using collective rather than individual contracts where
appropriate [17,10], developing inexpensive monitoring
systems [17] and partnering with intermediary organiz-
ations, other institutions and projects to gain expertise or
resources [17,25] can all help to reduce transaction costs.
Remote sensing systems present an opportunity to reduce
monitoring costs, though their costs of establishment
would be high (e.g. [17,23]). Peer-monitoring schemesCurrent Opinion in Environmental Sustainability 2014, 6:148–154
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costs associated with project monitoring and increase
measurement accuracy [48]. Within The International
Small Group Tree Planting Program (TIST), local people
use bicycles and GPS to check compliance [17]. The
inclusion of below ground carbon in project payment
schemes could benefit from simplified monitoring tech-
nology for soil organic carbon, which should be practical
for use by local communities [49].
By establishing legally recognized community ownership
of common forest resources, managed by community
institutions, the Humbo project in Ethiopia bypassed
the costs of individual contracting [29]. The N’hambita
Community Carbon Project in Mozambique successfully
reduced transaction costs in relation to project benefits by
grouping carbon offsets from individual agroforestry con-
tracts with offsets from REDD activities on community
forests [15]. According to Anderson and Zerriffi [4], one
approach to minimize trade-offs and set realistic expec-
tations is to approach agroforestry biocarbon projects by
focusing on a primary goal, and maximizing ancillary
benefits to other goals where possible. One such example
is a project aimed at improving the livelihoods of local
farmers, which views carbon payments as a source of
supplementary, up-front income for participating house-
holds [4]. It is important that an ancillary benefits
approach still recognize any negative impacts; for
example, exotic tree species that offer strong livelihoods
benefits may have detrimental effects on water avail-
ability and other ecosystem services.
Pilot auctions, a research tool in which farmers bid the
amount of money they would need to compensate tree-
planting, present a promising option to estimate contract
payment levels based on farmers’ true opportunity costs
[36]. This can contribute to greater social welfare by
finding an efficient cost to achieve environmental ser-
vices, giving participants an incentive to lower their costs,
and providing community members with flexibility in
how they manage their land [50]. Moreover, auctions
have been shown to provide greater transparency in
contract allocation, and farmers appreciated that contracts
were granted to prominent and non-prominent com-
munity members alike [36].
Engaging a range of private- and public-sector actors
along the value chain, from farmer aggregation through
to the purchase of offsets, is an important requirement in
scaling up project successes [20]. Not only do govern-
ment agencies provide the necessary facilitation and
regulation needed to structure the offset system, compe-
tition between private interests should enhance services
and the performance of the biocarbon value chain. Rather
than leaving farmers reliant only on project proponents,
this can promote higher returns and may even offer some
protection against fraudulent market actors, while farmersCurrent Opinion in Environmental Sustainability 2014, 6:148–154 benefit from additional co-benefits such as improved farm
information services and market linkages [20]. African
government agencies should encourage the involvement
of private sector interests and universities in biocarbon
projects in order to boost investors’ confidence and attract
international investment [20]. Importantly, appropriate
government legislation should be in place, together with
the regulatory capacity necessary to uphold these stan-
dards, to ensure that farmers are not taken advantage of.
Capacity-building of African public agencies and univer-
sities is also needed to ensure that initiatives are sustain-
able and can be scaled up [20].
Conclusion
As agroforestry continues to gain international atten-
tion, development programs and research institutions
alike strive to capitalize on the development, adap-
tation and mitigation opportunities it presents. Realiz-
ing the potential of biocarbon projects in agroforestry to
deliver multiple benefits will require learning from
project experiences as they unfold on the ground. While
examples are limited to a handful of working models
and the long-term impacts of projects remain uncertain,
important lessons can be taken from projects that
are currently underway, in addition to experimental
models:
 From the project perspective, up-front, external
funding is needed to overcome initial costs;
 Trade-offs between pro-poor targeting and project
cost-efficiency can be minimized by evaluating farm-
ers’ true opportunity costs;
 Non-carbon benefits should be emphasized to increase
long-term project sustainability, while carbon pay-
ments are best viewed as an aid to help farmers
transition to more sustainable and productive practices
on their land;
 Providing carbon and non-carbon incentives early on,
addressing resource constraints and allowing farmers
flexibility in land management can all aid adoption of
new practices;
 Strengthening local institutional capacity and securing
land use rights are essential to ensure that project
benefits reach farmers and that they are distributed
equitably.
As project evidence continues to build on the ground and
research fills in knowledge gaps, proponents of biocarbon
projects in agroforestry will need to continuously learn
from emerging lessons so that African and other devel-
oping nations can take advantage of this opportunity to
engage diverse interests and address development, adap-
tation and mitigation goals.
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